The leafy seadragon (Phycodurus eques, Syngnathidae), is a charismatic endemic of Australia's temperate coast. The species exhibits remarkable camouflage in its kelp and seagrass habitat. These habitats have been retreating throughout the range of the species, leading to concerns about the persistence of leafy seadragons. Despite being a popular aquarium display and a flagship for coastal conservation, little is known about leafy seadragon biology. We used 7 microsatellite markers and 2 mitochondrial DNA fragments to investigate the population structuring and genetic diversity of 71 individuals. Bayesian cluster analysis identified 2 main genetic partitions, one in
The coast of southern Australia, with its temperate reefs, sponge gardens, and seagrass beds, provides a productive and complex environment for a notably diverse biota (Kirkman 1997; Butler et al. 2010; Shepherd and Edgar 2013; Bennett et al. 2016) . Concerns are arising given declines of kelp forests and seagrass meadows throughout this temperate coast (Walker and McComb 1992; Connell et al. 2008; Waycott et al. 2009 ) and poleward shift of many seaweeds (Wernberg et al. 2011b) . Because of the narrow latitudinal extent of Australia's southern coast, seaweeds and their associated biota may be at risk of being pushed toward the edge of their ranges (Wernberg et al. 2011a) . In order to detect and monitor such changes, an understanding of the geographic partitioning of species across the temperate coast is needed.
One of the most astounding endemics of the Australian temperate coast may be the leafy seadragon [Phycodurus eques (Günther, 1865) , Syngnathidae]. This species inhabits shallow macroalgae-covered rocky reefs and seagrass meadows from southwestern Australia, over the largely inaccessible Great Australian Bight, to the central coast in the state of South Australia (Baker 2009; Figure 2a) . Rare sightings exist up the western coast to Geraldton and the Abrolhos Islands (Baker 2002) and from further east in Victoria and the north coast of Tasmania (Baker 2006; Figure 2a) . Leafy seadragons are extraordinary fish, characterized by male brooding, graceful movement, and highly effective camouflage (Figure 1 ). Because of their elegance, P. eques are a popular display in aquaria around the world (Branshaw 2005; Vincent 2006, 2011) and a favorite of SCUBA divers and photographers. Leafy seadragons were selected as the marine emblem of South Australia and are a flagship for the conservation of coastal habitats. Owing to their effective camouflage, occurrence in often remote habitats, and their low abundance (Connolly et al. 2002a) , they are difficult to study and only little is known about their biology.
Leafy seadragons have been evaluated as Near Threatened by the IUCN (Connolly 2006 ) and the species is fully protected in South and Western Australian waters. Syngnathids in general are susceptible to a range of environmental and anthropogenic influences ), and may not be able to evade affected areas because many are low dispersers (Foster and Vincent 2004) . The leafy seadragon also has this low-dispersal life history. Brooding of the eggs on the underside of the male's tail prohibits a dispersive egg or larval phase. The adults are slow swimmers that appear to remain within small home ranges (Connolly et al. 2002a (Connolly et al. , 2002b . Phycodurus eques is therefore expected to occur in distinct populations across its range, correlated with biogeographic partitions. Similarly, their close relative, the common seadragon (Phyllopteryx taeniolatus (Lacépède, 1804)) has a comparable life history and has been demonstrated to occur in structured populations (Wilson et al. 2016) . If leafy seadragons show similar spatial structuring, they may be susceptible to local impacts, such as storms or commercial fishing operations Knight and Vainickis 2011) . On a range-wide scale, the low dispersal ability of P. eques may make may make the maintenance of gene flow between fragmented habitat patches less likely. We currently lack an understanding of the geographic distribution of genetic diversity of leafy seadragons that would allow such estimations of connectivity. A study using microsatellite markers on 17 wild P. eques found genetic divergence between Western Australian and South Australian individuals (Larson et al. 2014 ), but more fine-scale geographic inferences from that study could not be made because sampling details were unavailable.
Here, we use microsatellite markers and mitochondrial DNA from 71 P. eques individuals to investigate population structuring and genetic diversity. We use these data to suggest appropriate units for management and discuss the implications of habitat reduction and fragmentation on this iconic syngnathid.
Methods

Sampling
The 71 P. eques samples were sourced from a previous study (Larson et al. 2014) , in addition to wild-caught animals and individuals housed at museums (Table 1) . Tissues from 31 wild fish were taken nonlethally (22 from South Australia, 9 from Western Australia; [2005] [2006] , adhering to animal ethics requirements (see Compliance with Ethical Standards section). Using SCUBA, animals were caught by hand and photographed against a slate, and a small clip of dermal appendage was taken before the animal was released in situ. A total of 23 museum specimens were also subsampled, of which 16 were from a bycatch survey in Spencer Gulf Sorokin et al. 2009 ). Sequences from a published mitochondrial genome of an individual from Rapid Bay (GenBank accession AP012313, Song et al. 2014) were included.
Tissue samples from the wild individuals used in Larson et al. (2014) were extracted, sequenced for mitochondrial DNA fragments and re-genotyped for microsatellites. One did not yield sufficient DNA, leaving 16 samples. Two samples came from Streaky Bay, South Australia; for the remaining samples collection information was sparse: Four were beach-washed in Western Australia and 10 in South Australia, but otherwise localities were not stated (Larson et al. 2014) , and are unknown (Ramsey C, Larson S, personal communication) . One putative Western Australian sample from Larson et al. (2014) clustered among South Australian samples in the original study, and here was confirmed to have genotypes and mitochondrial haplotypes strongly indicative of a South Australian origin. It is therefore here included in the South Australian group with an unknown specific origin.
Microsatellite Genotyping and Sequencing of Mitochondrial DNA DNA was extracted using the DNeasy Blood & Tissue kit (Qiagen Sciences, Germantown, MD) or the Puregene DNA isolation kit (Gentra Systems, Minneapolis, MN) following the manufacturers' protocol.
Twelve microsatellite markers developed for leafy seadragons (Larson et al. 2014) were used to genotype 70 samples [the GenBank sample from Song et al. (2014) was not available for genotyping]. Of these, 7 markers amplified and were variable. Locus SH17 was monomorphic in Larson et al. (2014) but variable in our samples. Forward primers were fluorescently labeled with 6-FAM or HEX. PCR reactions (25 µL) contained 2.5 µL PCR buffer, 1.2 µL MgCl 2 (25 mM), 0.7 µL dNTPs (1 mM), 1.2 µL of each primer (10 µM), 0.125 µL Taq Polymerase (New England Biolabs, Ipswich, MA), 1-2 µL template DNA, and nuclease-free water. Amplification conditions followed Larson et al. (2014) . Loci of similar size and different fluorophores were multiplexed. Samples in formamide loading dye were electrophoresed with a standard (MegaBACE ET550-R, Amersham Biosciences, Amersham, UK) on a 5% denaturing urea-polyacrylamide gel (33 cm × 39 cm). Gels were scanned using a Typhoon 8600 Scanner (Amersham Pharmacia Biotech, Little Chalfont, UK). Alleles were scored visually in ImageQuant (Amersham Pharmacia Biotech, Little Chalfont, UK). Six individuals were missing genotypes for 1 locus, 1 for 2 loci. At least 10% of the samples were genotyped twice as recommended for quality control (DeWoody et al. 2006) .
Two segments of the mitochondrial genome (mtDNA) were sequenced in both directions. A 837 base pair (bp) fragment of the NADH subunit 4 (ND4) including tRNAs histidine and serine and a 987 bp segment of the control region including tRNA phenylalanine were amplified and sequenced following Stiller et al. (2015) . Chromatograms were edited in Sequencher v. 4.8 (GeneCodes, Ann Arbor, MI) or Geneious v. 6.1 (Biomatters Ltd., Auckland, New Zealand). Sequences aligned without gaps. Only full-length sequences were concatenated (1824 bp total), as missing data influence haplotype network construction (Joly et al. 2007 ) and diversity estimates. Incomplete fragments for twelve specimens from Larson et al. (2014) , 3 from Coffin Bay and 1 from western Spencer Gulf (Table 1) were released to GenBank, but excluded from analyses.
Population Structure
Clustering of individuals based on microsatellite genotypes was conducted in Structure v. 2.3 (Pritchard et al. 2000) without population assignments, running a burn-in and run lengths each of 1 million repetitions, testing K = 1-8 clusters. Ten independent runs for each K were summarized using the Clumpak webserver (Kopelman et al. 2015) and the best number of clusters was chosen using the StructureHarvester webserver (Earl and vonHoldt 2012) using the ΔK method (Evanno et al. 2005) . Since the ΔK method cannot evaluate K = 1 versus K = 2, we compared the mean likelihood values between these models (Pritchard et al. 2000) . For mtDNA, the geographic distribution of haplotypes was visualized with a median-joining network in PopArt (Leigh and Bryant 2015) .
Population Differentiation
Genetic differentiation was measured between the major clusters (i.e., determined from Structure) and between sample sets within these groups. For comparisons between sample sets, samples from geographically close localities were grouped together (see color coding in Figure 2a ). In particular, sites on the east and west coasts of the Gulf St Vincent that were <20 km apart were grouped into 2 sample sets (east: Carrickalinga + Rapid Bay; west: Wool Bay + Edithburgh). In Spencer Gulf, samples <90 km apart along the eastern and western coasts were grouped into 2 sample sets (east: WD6 + BC28 + BC33; west: Reevesby Island, BC20 + Z3/11 + Z3/10 + BC15). The sites Coffin Bay, Streaky Bay, and Albany were excluded as their sample size was low (n ≤ 3) and they were >200 km away from the next closest locality. Individuals of unknown geographic origin (Larson et al. 2014) were excluded. This left the following sample sets for comparisons: Bremer Bay in Western Australia (n = 10) and, in South Australia, Spencer Gulf west (n = 8) and east (n = 9), Gulf St Vincent west (n = 9) and east (n = 7), and Encounter Bay (n = 6).
We conducted an Analysis of Molecular Variance (AMOVA, Excoffier et al. 1992 ) with 3 hierarchical levels: among major clusters, among sample sets within major clusters, among samples within sample sets. Analyses were performed in Arlequin v. 3.5 (Excoffier et al. 2005) , locus-by-locus under a stepwise mutation model for the microsatellites, and incorporating a model of sequence evolution for the mtDNA. For each partition (ND4, control region) the best substitution model was selected according to the Akaike information criterion in jModeltest v. 2.1.3 (Darriba et al. 2012) . Because the best-fit model (HKY for both fragments) is not available in Arlequin, the Tamura & Nei model was used for the AMOVA. Both models are similar in that they allow for unequal base frequencies, unequal transition, and transversion ratios, but the Tamura & Nei model also allows for differing transition rates.
For the microsatellites, 3 pairwise differentiation indices were calculated with 10 000 permutations of individuals among sample sets to assess statistical significance. The R package strataG (Archer et al. 2016 ) was used to estimate F ST and F′ ST (Meirmans 2006) , which is standardized to the maximum possible value given the diversity within a population. Because heterozygosity was relatively low in this dataset, we also calculated Jost's D (Jost 2008 ) with the R package DEMEtics (Gerlach et al. 2010) , as a statistic that is based on the effective number of alleles, rather than heterozygosity. For mtDNA, pairwise Φ ST was calculated in Arlequin using 10 000 permutations.
To test for isolation-by-distance, we performed a one-tailed Mantel test in GenoDive v. 2.0 (Meirmans and Van Tienderen 2004) between matrices of pairwise geographic distances between sampling localities and corresponding F ST values using 10 000 permutations. We estimated shortest distances along the coastline but used straight-line distances between sites within Gulf St Vincent and within Spencer Gulf. For grouped sample sets, the midpoint of the geographic coordinates was used. To avoid inflating the correlation through the large distance between South Australian and Western Australian sites, we also tested for isolation-by-distance only among South Australian sample sets.
Genetic Diversity
The average number of alleles (A), observed and expected heterozygosities (H o and H e ) of the microsatellites were estimated with the R package diveRsity (Keenan et al. 2013) . Departures from linkage equilibrium between loci were assessed with a log likelihood ratio test on the Genepop webserver using 1000 dememorizations in 100 batches and 1000 iterations per batch (Raymond and Rousset 1995; Rousset 2008 ). All loci were tested for deviations from Hardy-Weinberg equilibrium using F IS exact tests in GenoDive (1000 permutations). MtDNA diversity was measured as the number of variable sites (S) and haplotypes (k), and haplotype diversity (h) in Arlequin. Nucleotide diversity (π) was calculated in Arlequin, incorporating a substitution model as above.
Population History
We investigated potential past demographic changes within the 2 main clusters, South Australia and Western Australia. Bottleneck v. 1.2.02 (Cornuet and Luikart 1996) was used to test for significant heterozygosity excess in microsatellite loci, which is expected when populations have experienced a bottleneck. We simulated 1000 H e values under mutation-drift equilibrium and compared these to the observed values using a 1-tailed Wilcoxon's sign rank test. Three mutational models (infinite allele, stepwise mutation, 2-phase under default conditions) were considered.
For the mtDNA, mismatch distributions were compared against the expectation under a model of demographic expansion using the sum of squared deviations (SSD) and raggedness r as calculated in Arlequin (1000 bootstrap replicates). Small and nonsignificant SSD and r indicate a good fit of the data to an expansion (Harpending 1994) . Deviations from neutrality expectations were investigated using 10 000 simulations by calculating Tajima's D and Fu's F s in Arlequin, and R 2 in the R package pegas (Paradis 2010) . Significantly small values may indicate recent population growth, with Tajima's D being a conservative statistic, and F s and R 2 being more powerful, the latter particularly for small sample sizes (Ramos-Onsins and Rozas 2002).
Data Availability
In accordance with the Journal of Heredity data archiving policy (Baker 2013) , we have deposited the primary data underlying these analyses as follows:
• Sampling locations, microsatellite genotypes, mitochondrial DNA sequences: Dryad 10.5061/dryad.cd5s5. • DNA sequences: GenBank accessions KX503080-KX503197 (Table 1 )
Results
Individual Clustering and Population Structure
Both microsatellite genotypes and mtDNA haplotypes of P. eques divided individuals into 2 clusters located in the eastern and western part of the range. Bayesian clustering through Structure favored K = 2 clusters based on ΔK (Supplementary Figure S1a) . As ΔK cannot differentiate between K = 1 and K = 2, we compared mean likelihood values for these models. A steep increase in likelihood values was observed [lnP (K = 1) = −900.78 to lnP (K = 2) = −739.35; Supplementary Figure  S1b) , and K = 2 clusters was therefore chosen. One cluster spanned localities within the borders of South Australia, the other comprised the Western Australian localities (Figure 2b ). This structure was reflected also in the mtDNA haplotype network, where South Australian samples comprised a set of related haplotypes that were separated by at least 2 substitutions from the haplotypes of Western Australian individuals (Figure 2c ). The divergence between the 2 clusters explained a large proportion of the genetic variation present in the data sets, namely 38.4% of nuclear and 54.1% of mitochondrial variation (Table 2) . Most samples clearly fell into one or the other cluster in the Structure assignment (Figure 2b) , with 62 out of 70 samples having a high proportion of ancestry (>90.0%) from just one group. A few samples with greater proportions from the opposite cluster (>10.0%) existed in both groups: In South Australia, 5 samples from the western Spencer Gulf and 1 from Coffin Bay had up to 34.0% Western Australian ancestry. In the western cluster, an individual from Bremer Bay and a Western Australian sample of unknown locality had 11.7% and 38.9% South Australian ancestry, respectively.
Differentiation between pairs of sample sets was generally similar regardless of the statistic used, but their magnitudes differed (Figure 3a,b) . F ST and its standardized equivalent F′ ST showed identical patterns and values were highly correlated (R 2 = 0.994, P < 0.01), but values were consistently higher for F′ ST (Figure 3b) . Similarly, F ST and Jost's D, despite being based on different measures of population diversity, showed a similar pattern (R 2 = 0.973, P < 0.01) with generally lower values for Jost's D (Figure 3a,b) . The mtDNA differentiation differed however in some comparisons from the microsatellite pattern (Figure 3a) , which was reflected in a weaker, yet still significant, correlation between F ST and ɸ ST (R 2 = 0.571, P < 0.01, Figure 3a) . In South Australia, several sample sets showed considerable genetic differences from others in the region. Divergence between sample sets accounted for 12.0% of the microsatellite and 17.9% D) is shown above the diagonal; microsatellite differentiation standardized by the maximum value given the observed diversity within the sample set (F′ ST ) is below the diagonal. Significance level: *P < 0.05, **P < 0.01, ***P < 0.001. See online color version of this figure at: jhered.oxfordjournals.org.
of the mitochondrial variation ( Table 2 ). The easternmost sampling locality, Encounter Bay, showed moderate genotypic differentiation from the next closest sample set in the eastern Gulf St Vincent (F ST = 0.143, F′ ST = 0.216, P < 0.05, D = 0.111, P < 0.01), but mtDNA differentiation was not significant (ɸ ST = 0.158, P > 0.05), consistent with some individuals sharing the same haplotype (Figure 2c ). The eastern and western sample sets from Gulf St Vincent were highly differentiated in microsatellites (F ST = 0.245, P < 0.001, F′ ST = 0.365, P < 0.01, D = 0.137, P < 0.001) and differentiation was particularly pronounced in mtDNA without any shared haplotypes between the 2 coasts (ɸ ST = 0.832, P < 0.001, Figure 2c ). Eastern Gulf St Vincent generally stood out with high values of mitochondrial differentiation toward all sample sets west of it (ɸ ST ≥ 0.480, P < 0.001). This was explained by the single haplotype that was present in all individuals from eastern Gulf St Vincent (Rapid Bay + Carrickalinga) but not in any individuals from further west (Figure 2c ). Some samples from the western Gulf St Vincent shared a haplotype also present in the eastern Spencer Gulf but differentiation was still significant (ɸ ST = 0.290, P < 0.05), particularly in the microsatellites (F ST = 0.145, F′ ST = 0.239, D = 0.114, P < 0.001). Within Spencer Gulf, no differentiation between the eastern and western coasts was detected (F ST = 0.044, F′ ST = 0.086, D = 0.043, P > 0.05) and no obvious haplotypic structuring existed (ɸ ST = 0.069, P > 0.05, Figure 2c ). Due to the low sample sizes at localities in the eastern Great Australian Bight (Coffin Bay: n = 3, Streaky Bay: n = 2), we could not assess their differentiation. Similarly, we could not assess differentiation between the 2 localities in Western Australia because of the small number of samples from Albany (n = 2).
When calculated across the entire data set, the Mantel test showed a significant positive relationship between geographical distance and pairwise F ST values (R 2 = 0.862, P < 0.01). The same was observed when using F′ ST (R 2 = 0.847, P < 0.01) and Jost's D (R 2 = 0.876, P < 0.01). However, this correlation appeared to be mainly driven by the genetic differentiation between the South Australian and Western Australian main clusters, which are also geographically far apart. When only South Australian sample sets were analyzed, the correlation was weak and not significantly different from zero (F ST : R 2 = 0.013, F′ ST : R 2 = 0.030, D: R 2 = 0.173, P > 0.05), indicating no strong isolation-by-distance.
Genetic Diversity
The 7 polymorphic microsatellite loci showed up to 9 alleles, but 3 loci had only 2 alleles (mean 3.86 ± 2.54). No deviations from linkage equilibrium were found at any sample set (P < 0.05).
Overall genetic diversity was low (H e = 0.314, (Figure 2c ). The diversity estimates were generally higher in South Australia (h = 0.862, π = 0.0013) than in Western Australia (h = 0.571, π = 0.0009). Localities in South Australia had varying mitochondrial diversity (Table 3) , from the same haplotype present in all individuals in Gulf St Vincent east, to a high number of haplotypes in Spencer Gulf east (k = 6). The 3 most common haplotypes in South Australia were shared between bays; one between Encounter Bay and Gulf St Vincent east, one between the Gulf St Vincent west and Spencer Gulf east, and one between the Spencer Gulf west and Encounter Bay (Figure 2c ).
Population History
The microsatellite data for the South Australian samples showed a significant heterozygote excess under the infinite-alleles model (n = 54, P < 0.05), but not under the 2-phase or stepwise mutation model (P > 0.05). No significant heterozygote excess was found for Western Australian samples regardless of the mutation model (n = 16, P > 0.05). The mtDNA mismatch distribution of the South Australian samples fit well to a model of population expansion as shown by small and nonsignificant values for SSD and r, while values were larger in Western Australia (Table 4 ). Tajima's D and Fu's F s had negative values in South Australia but only F s deviated significantly from the expectation of no population growth (P < 0.01, Table 4 ). The R 2 index had a low value significantly deviating from the null hypothesis of a stable population (P < 0.05). In Western Australia, the indices were consistently larger and did not deviate from the expectation of no growth (Table 4) .
Discussion
Our study provides insight into the molecular genetic variation and population structure of P. eques across its range in southern Australia, which may be useful in ensuring the effective conservation of this charismatic species. The leafy seadragon has clear geographic structure, with the most prominent separation between South Australia and Western Australia, and shallower structuring in South Australia. Genetic diversity was low overall, but was particularly Estimates are omitted for samples of unknown origin because they may have come from several populations, as well as for sites with <5 individuals, but those individuals were included in group calculations. n, sample size; A, average number of alleles per locus; H o , observed heterozygosity; H e , expected heterozygosity average over loci; k, number of haplotypes; S, number of substitutions; h, haplotype diversity; π, nucleotide diversity. depressed in Western Australia. South Australian samples showed signatures of previous growth, which may have been caused by the increased availability of habitat in the area due to the flooding of large embayments after the last glacial maximum.
Genetic Differentiation across the Range
Leafy seadragons occur in 2 major partitions, one in the western part of the range, here represented by individuals from Albany and Bremer Bay in Western Australia (WA), the other located in the bays and gulfs of South Australia (SA). Western Australian and South Australian groups were reported also in Larson et al. (2014) , but limited collection information hampered understanding the geographic extent of each. Our study showed that the eastern cluster comprises several bays within South Australia, namely Encounter Bay, Gulf St Vincent, and Spencer Gulf. Toward the west, this cluster extends at least into the eastern part of the Great Australian Bight (Streaky Bay and Coffin Bay). We cannot currently resolve how much farther each cluster reaches into the Great Australian Bight as there are no available samples across >1400 km owing to the inaccessibility of this area. A few records of leafy seadragons indicate that they occur in at least parts of the Bight (Baker 2009 ), but without genetic samples it will remain unclear if populations are sustained continuously across the entire extent, or if a phylogeographic break separates the 2 groups. In any case, the subdivision into the geographical units was probably rather recent and low levels of gene flow could exist, given that some samples from South Australia showed low levels of genetic ancestry with respect to Western Australia, and vice versa (Figure 2b) . The apparent admixture could also be due to the small number of loci used here. The mitochondrial haplotypes are clearly split into 2 clusters over the Great Australian Bight but their divergence is relatively shallow. Only 2 substitutions (0.11% uncorrected sequence divergence) separate haplotypes present in Bremer Bay (WA) and Spencer Gulf (SA). This degree of mtDNA differentiation across the Great Australian Bight is comparable other syngnathids across similar geographic scales (e.g., Wilson 2006; Mobley et al. 2010; Woodall et al. 2011) . A notable exception is the closely related common seadragon (P. taeniolatus), which shows 2% mtDNA divergence across the Great Australian Bight (Wilson et al. 2016) .
At the finer geographical scale, substructure existed as significant allele frequency differences between most of the South Australian bays (Figure 3a) . The absence of an isolation-by-distance signal within South Australia was therefore somewhat unexpected but may be due to the limited number of sites available for analysis. Despite the mostly high and significant differentiation, Structure did not pick up additional groups in South Australia. Again, this may point to the low power of the genetic markers employed here and should be revisited with high-resolution markers. Our sampling in the western part of the range was not sufficient to comment on putative substructuring within the Western Australian cluster, but given the overall patterns, it appears likely that further sampling in Western Australia could reveal additional distinct populations.
Demographic Changes in South Australia
The South Australian cluster showed some signal for past demographic growth, while the Western Australian group appeared demographically stable. This difference may be explained by regional effects of sea level changes throughout the Quaternary period, during which the coastline was up to 125 m below today's levels (Lewis et al. 2013) . In southwestern WA, the continental shelf is relatively narrow (Conolly and Von Der Borch 1967) , which could have ensured a stable range size despite changing sea levels. In South Australia on the other hand, the amount of available habitat may have fluctuated drastically because the gulfs are shallow (<60 m) and have been emergent several times during glacial maxima (Hails et al. 1984) . When the gulfs were dry, seadragons must have existed outside of the bays. Each flooding event would have quickly opened large areas of new habitat. This happened most recently after the last glacial maximum, after which modern sea levels were reached ~6400 years ago (Belperio et al. 2002) . Founding colonizations may have resulted in a genetic bottleneck with subsequent growth consistent with the genetic signal detected here. The 3 haplotypes that are shared between embayments may have been ancestral haplotypes that spread from a common source into the bays. After recolonization, these common haplotypes could have given rise to several low-frequency haplotypes, each restricted to a single bay (Figure 2c) . A similar impact from glacial cycles has been proposed for southeast Asian seahorses, where flooding of the Sunda Shelf reconnected populations that were previously isolated (Lourie et al. 2005) . The scenario for the leafy seadragon is similar but here the colonization after flooding has resulted in differentiation of populations at the local scale.
Genetic Diversity
Both mitochondrial and nuclear DNA revealed moderate to low levels of genetic diversity in leafy seadragons. Microsatellite variation of P. eques was lower than that reported in other syngnathids studied with comparably wide ranges (Table 5) . Regionally, genetic diversity was variable, being highest in Spencer Gulf (SA) and the lowest in Western Australia (Table 3) . With the small sample sizes in Western Australia, statements have to be made cautiously. Only in Bremer Bay (WA) was the sample size sufficient to be representative of the population (n = 10) and nuclear genetic diversity was very low (H e = 0.195). This low diversity was likely not due to the genotyping of closely related individuals since there were at least 3 mtDNA lineages ( Figure 2c ) and mitochondrial diversity indexes were moderately high (Table 3) . A more general statement about genetic diversity in Western Australia is not possible with our data, as we only had 2 other individuals from Albany. Additional sampling of leafy seadragons in Western Australia is needed to investigate if the low genetic diversity is a general phenomenon in the area. 
Implications for Conservation
On the basis of the genetic data currently available, leafy seadragons have at least 2 major genetic clusters within their geographic range. Western Australian individuals were genetically distinct from those in South Australia and are likely demographically independent. Until the distribution of these 2 clusters in the Great Australian Bight is established, the range of the clusters correspond to the political boundaries of these Australian states. This should facilitate potential conservation actions at the state level, but concerted activity may be necessary to ascertain longterm connectivity over the Great Australian Bight through protection of their habitat. Additional conservation units may be present within the states, as indicated by relatively high differentiation between and within several bays in South Australia, but this should be substantiated with additional data before conservation recommendations can be made. Genetic diversity in leafy seadragons is low and priority should be given to maintaining the standing diversity. The particularly low estimates of diversity in Bremer Bay are concerning and further research is needed to establish the full scope of the issue. In South Australia, much of the available genetic diversity was found in Spencer Gulf. Populations of both leafy and common seadragons in Spencer Gulf may require monitoring because of seagrass decline (Kirkman 1997 ) and the catch of seadragons through trawl fishing (Knight and Vainickis 2011) . Strikingly, 90% of seadragon bycatch in Spencer Gulf was caught in areas usually closed or only minimally trawled [raw numbers analyzed from Currie et al. (2009) ]. This implies that seadragons either avoid trawled areas, or are fished out locally in trawled areas. Maintaining the high genetic diversity in Spencer Gulf should therefore be a specific target for conservation.
Given their unique appearance, leafy seadragons appear to have evolved in close association with their macroalgal and seagrass habitats (Figure 1) . Hence, the most persistent threat to leafy seadragon populations may be the degradation of their habitat, which has already been documented within their range (Edyvane 1999; Connell et al. 2008) . Among the most important findings here is the high differentiation of leafy seadragons at some of the neighboring localities. This differentiation could further increase through fragmentation. Fragmented populations may lose genetic diversity faster, which can limit their ability to respond to environmental challenges (Reed and Frankham 2003) . Genetic diversity was already found to be lower in leafy seadragons than in other syngnathids. The monitoring of leafy seadragon populations may be timely and management actions may focus on maintaining and encouraging gene flow between the populations through the protection of seagrass and kelp habitat. Leafy seadragons are also caught for the aquarium trade (Martin-Smith and Vincent 2006; Martin-Smith and Vincent 2011) and as incidental by-catch during fishing operations Sorokin et al. 2009 ). Although the numbers caught are low, continued regulation and monitoring of these catches will be necessary. 
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